A disintegrin and metalloproteinase with thrombospondin motifs 4 (ADAMTS-4) can effectively degrade articular cartilage matrix proteoglycan and damage the intervertebral disc of spinal tuberculosis patients, resulting in deterioration of the physical properties of articular cartilage. Transforming growth factor β activated kinase 1 (TAK1) is similar to vascular cell adhesion molecule 1 (VCAM-1) and closely related to a variety of pathophysiological processes. This study intended to explore the expression of ADAMTS-4, VCAM-1, and TAK1 in cartilage tissue obtained from spinal tuberculosis patients and their inter-relationships, aiming to provide new treatment approaches for spinal tuberculosis. Patients with spinal tuberculosis (N = 60) from the department of orthopedics and patients with traumatic spinal fracture (N = 60, controls) were recruited for the study. ADAMTS-4, VCAM-1, and TAK1 expression was detected by immunohistochemistry. SPSS 19.0 software was used for data processing and analysis. The score values of ADAMTS-4, TAK1, and VCAM-1 were 1.45 ± 0.10, 1.33 ± 0.09, and 1.54 ± 0.11, respectively, which were significantly higher than those in normal controls (P < 0.05). ADAMTS-4 showed positive correlation with VCAM-1 and TAK1. ADAMTS-4, TAK1, and VCAM-1 expressions increased in spinal tuberculosis patients. They could provide clinical reference for spinal tuberculosis diagnosis and new treatment strategies can be devised by focusing on their positive correlation.
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INTRODUCTION
Spinal tuberculosis accounts for most of the cases of bone and joint tuberculosis. Vertebral tuberculosis shows the highest rate of prevalence, whereas adnexa tuberculosis shows the least. The lumbar spine presents the highest mobility in humans and is also the site of the highest incidence of tuberculosis, followed by the thoracic vertebra, cervical vertebra, sacral vertebra, and coccygeal vertebra (Garg and Somvanshi, 2011; Shi et al., 2012) . The clinical features of the disease are often complicated with spinal convex deformities and lower limb paraplegia (Rasouli et al., 2012; Zeng et al., 2015) . Therefore, clarifying the mechanism of spinal tuberculosis progression is especially significant for the optimization of clinical treatment strategies.
A disintegrin and metalloproteinase with thrombospondin motifs 4 (ADAMTS-4) can effectively degrade cartilage matrix proteoglycan in articular cartilage and damage intervertebral discs in spinal tuberculosis patients, resulting in the deterioration of physical properties of articular cartilage (Wainwright et al., 2013; Yamamoto et al., 2014) . Transforming growth factor β activated kinase 1 (TAK1) is similar to vascular cell adhesion molecule-1 (VCAM-1) and closely related to various pathophysiological processes. Previous studies have shown that ADAMTS-4, VCAM-1, and TAK1 play vital roles in disease development (Yang et al., 2011; Marchese et al., 2012; Pawlak et al., 2012; Cheng et al., 2015) . The present study recruited 60 patients with spinal tuberculosis from the department of orthopedics of Qinghai Provincial People's Hospital from January 2015 to January 2016 to explore ADAMTS-4, VCAM-1, and TAK1 expression in cartilage tissue and their inter-relationship. Patients with traumatic spinal fracture (N = 60) were recruited as controls.
MATERIAL AND METHODS

Experimental group
A total of 60 patients with spinal tuberculosis were recruited between January 2015 and January 2016 from the Qinghai Provincial People's Hospital, Xining City Qinghai Province. The inclusion criteria were as follows: 1) patients with spinal tuberculosis receiving surgical treatment, 2) signed informed consent, 3) and who underwent normal preoperative indicator measurements. Patients suffering from spinal tuberculosis in combination with mental illnesses and without the capacity to interact in a socially acceptable manner were excluded.
Control
A total of 60 patients with traumatic spinal fracture were recruited, between January 2015 and January 2016, from the Qinghai Provincial People's Hospital. The inclusion criteria were as follows: 1) Patients with traumatic spinal fracture receiving surgical treatment, 2) signed informed consent, 3) and who underwent normal preoperative indicator measurements. Patients with traumatic spinal fracture in combination with mental illnesses and without the capacity to interact in a socially acceptable manner were excluded.
No statistical differences were observed based on sex, age, and weight between the two groups (P > 0.05) ( Table 1) . 
Experimental methods
Sample collection
Cartilage tissue samples were surgically obtained and confirmed by pathological examination by two pathologists, independently, for inclusion in the study. The tissue samples were stored at -80°C.
Immunohistochemistry and immunofluorescence
Tissue slices were baked at 60°C for 3 h and soaked in xylene, followed by hydration in alcohol. Next, they were treated with 0.25% trypsin at 37°C for 30 min for antigen repair. The slices were further washed with 0.01 M phosphate-buffered saline (PBS) and treated with 3% hydrogen peroxide solution at room temperature (25ºC) for 10 min. After a PBS wash, the slices were treated with 50 µL primary antibody (TAK1 (Abcam, Cambridge, MA, USA) 1:300, ADAMTS-4 (Abcam) 1:200, VCAM-1 (Santa Cruz Biotechnology, Dallas, Texas, USA) 1:500) and kept at 4°C overnight. They were labeled with biotin and developed by the 3,3-diaminobenzidine substrate. After hematoxylin and eosin staining, the slices were observed under the microscope (CX31-LV320, Olympus, Shinjuku, Tokyo, Japan).
Meanwhile, some slices were used for co-staining to determine the expression of ADAMTS-4, TAK1, and VCAM-1 and analyzed by fluorescent microscopy using fluorescentlabeled secondary antibodies.
Statistical analysis
Data was analyzed by SPSS 19.0 software. Measured data are reported as means ± SD and were compared by the t-test. Enumeration data was compared by the chi-square test. Correlation analysis was performed using the Pearson correlation method. P < 0.05 was statistically significant.
RESULTS
ADAMTS-4, TAK1, and VCAM-1 expression in cartilage tissue
Qualitative positive cell scoring method was applied for evaluation: 1) 0 points represents the number of positive cells = 0%; 2) 1 point refers to the number of positive cells between 0 ~ 25%; 3) 2 points refers to the number of positive cells between 25 ~ 50%; 4) 3 points refers to the number of positive cells between 50 ~ 75%; (5) and 4 points refers to number of positive cells above 75%. Immunohistochemistry results showed that the scores of ADAMTS-4, TAK1, and VCAM-1 in spinal tuberculosis patients were significantly higher than those for the control (P < 0.05) ( Table 2 and Figure 1 ). In addition, co-staining analysis by fluorescent microscopy demonstrated the expression of ADAMTS-4, TAK1, and VCAM-1 in the same cells (Figure 2 ). 
Correlation analysis among ADAMTS-4, TAK1, and VCAM-1 expression
Pearson correlation analysis revealed that ADAMTS-4 was positively correlated with VCAM-1 and TAK1 (r > 0, P < 0.05) ( Table 3 ). Co-staining for ADAMTS-4, TAK1, and VCAM-1 expression in cartilage tissue. The cartilage tissue slice was baked, oaked in xylene, and hydrated in alcohol for co-staining to determine the expression of ADAMTS-4, TAK1, and VCAM-1, which was analyzed by fluorescent microscopy using fluorescent-labeled secondary antibodies. 
DISCUSSION
The main clinical manifestations of spinal tuberculosis include spinal pain, kyphosis, abdominal mass, and spinal nerve compression (Merino et al., 2012; Wang et al., 2012) . Currently, there is still a lack of consensus on a single standard mechanism for its pathogenesis. Various factors can induce spinal tuberculosis, such as hereditary predisposition, immune response, inflammatory mediators, and imbalance of the cartilage matrix microenvironment Rajasekaran, 2012) . Spinal tuberculosis progresses through multiple stages and involves a variety of cytokines. ADAMTS-4, VCAM-1, and TAK1 play key roles in disease occurrence and development (Jain and Jain, 2012; Tuli, 2013) , and their association is an interesting subject for research. Thus, the search for new targets for spinal tuberculosis treatment is exceedingly important.
In-depth quantitative study of the ADAMTS enzyme revealed that the enzyme stored metal ions during the process of purification. The quantitative metal ions were found to be difficult to remove from the enzyme by general methods (Shiomi et al., 2010; Obika et al., 2014) . However, chelating agent such as ethylenediaminetetraacetic acid may inactivate the enzyme in the purification process (Matsukawa et al., 2013; Tian et al., 2013) . Numerous ADAMTS enzymes have been found to be closely related to spinal tuberculosis, including ADAMTS-1, ADAMTS-4, ADAMTS-5, ADAMTS-8, ADAMTS-9, and ADAMTS-15. Particularly, ADAMTS-4 was considered to have the ability to cause proteoglycan degradation with markedly higher expression levels, compared to those by other enzymes of the same type, in spinal tuberculosis patients (Ren et al., 2013; Roberts et al., 2015) .
VCAM is a common type of vascular cell adhesion molecule. The VCAM-1 content in human adipose tissues and microvascular endothelial cells was slightly higher than that in the other parts of the body. However, VCAM-1 expression in cartilage cells needs to be induced by hyaluronic acid and inflammatory cytokines such as IL-1 and TNF-α (Cook-Mills et al., 2011; Tozawa et al., 2011) . VCAM-1 content in spinal tuberculosis patients was significantly higher than that in normal controls, and gradually increased with disease progression, indicating the close relationship between VCAM-1 and spinal tuberculosis (Chi et al., 2014) . Similar to the VCAM-1 induction process, TAK1 also needs to be activated by the inflammatory cytokines IL-1 and TNF-α (Jung et al., 2012) . AP-1 and NF-κB were observed to affect the pathogenic process of spinal tuberculosis (Zheng et al., 2013) . However, whether the aberrant expression of VCAM-1 and TAK1 was due to increased secretion of inflammatory cytokines IL-1 or TNF-α in patients with spinal tuberculosis has not been investigated and is the main limitation of the present study.
TAK1 has serine/threonine protein kinase activity (Lin et al., 2015) . Many kinds of histopathological processes are closely related to TAK1. TAK1 is located at the branch point of the MAPK and NF-κB signaling pathways. It can only be activated by IL-1 and TNF-α stimulation (Lim et al., 2012) . AP-1 and NF-κB have significant functions in the occurrence of spinal tuberculosis. After activation, TAK1 could bind to TAB1, triggering the phosphorylation of NF-κB by NIK and IKK and the IκB -mediated entrance of NF-κB into the nucleus. TAK1 achieves the purpose of participating in the pathogenesis of spinal tuberculosis (Tai et al., 2014) .
The present study included the correlation analysis of ADAMTS-4, VCAM-1, and TAK1 expression. Results revealed that ADAMTS-4, VCAM-1, and TAK1 were positively correlated with each other. Both VCAM-1 and TAK1 need to be activated by inflammatory cytokines, and a reduction in their levels may alleviate the impact of inflammatory cytokines on spinal tuberculosis.
CONCLUSION
ADAMTS-4, VCAM-1, and TAK1 levels are elevated in spinal tuberculosis and positively correlated with each other. Therefore, these proteins could be considered as new targets for the treatment of spinal tuberculosis. This study could also provide a theoretical basis for the optimization of treatment strategies.
